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POSSIBLE ENVIKONMENTAL IMPACT OF 

IMPORTING ANCHOVY INTO HAWAII 

The Hawaiian f i s h e r y  f o r  s k i p j a c k  tuna ,  Katsuwonus pe lamis ,  

w i t h  an  ave rage  annual  ex -vesse l  v a l u e  i n  excess  o f  $2  m i l l i o n ,  e x p e r i e n c e s  

c o n s i d e r a b l e  f l u c t u a t i o n s  i n  l a n d i n g s  from yea r  t o  y e a r .  The annual  land-  

i n g s  ave rage  around 9 m i l l i o n  pounds b u t  f l u c t u a t e  between 5 and 16 m i l l i o n  

pounds. Th i s  f l u c t u a t i o n  has s e v e r a l  causes ,  one be ing  t h e  s h o r t a g e  of  

l i v e  b a i t .  E s s e n t i a l l y ,  any small f i s h  w i l l  serve as b a i t  and t h e  e f f e c -  

t i v e n e s s  v a r i e s  from s p e c i e s  t o  species.  Hawaiian s k i p j a c k  tuna  f i s h e r -  

men, by f a r ,  p r e f e r  nehu, S to l ephorus  purpureus ,  a s m a l l  (40-60 mm),  

f r a g i l e  anchovy t h a t  s choo l s  i n  bays and h a r b o r s  o f  t h e  Hawaiian I s l a n d s .  

The seasona l  a v a i l a b i l i t y  o f  nehu v a r i e s  g r e a t l y ,  b u t  i n  g e n e r a l ,  t h e  

supply  1s i n s u f f i c i e n t  t o  a l l o w  maximum f i s h i n g  e f f o r t  by t h e  e x i s t i n g  

f l e e t .  

t h e  peak s k i p j a c k  tuna  f i s h i n g  season ,  from around May t o  September,  when 

many of t h e  boats  spend c o n s i d e r a b l e  t i m e  o b t a i n i n g  t h e  b a i t  needed t o  

f i s h  s k i p j a c k  tuna.  Obviously,  i f  t h e  boa t s  could f i s h  s k i p j a c k  tuna  

i n s t e a d  of spending so much t i m e  c a t c h i n g  b a i t ,  t h e  l and ings  of  t h e  

Hawaiian f i s h e r y  iJould i n c r e a s e  p r o p o r t i o n a t e l y .  Furthermore,  t h e  nehu 

are ex t remely  d e l i c a t e ,  and do n o t  s u r v i v e  i n  t h e  b a i t w e l l s  f o r  more than  

a few days .  This f a c t o r  g r e a t l y  l i m i t s  t h e  range  o f  t h e  f i s h i n g  boa t s .  

h s o l u t i o n  t o  the b a i t f i s h  problem, which would replace t i m e  used t o  

c a t c h  b a i t  w i t h  a d d i t i o n a l  fishing t i m e ,  could i n c r e a s e  t h e  annual  c a t c h  

of b k i p j a c k  t una  hy a8 m t i c h  a s  66% and providc  fo r  an i n c r e a s e  i n  ex- 

vessel  v a l u e  o f  t h e  c a t c h  o f  $1.9 m i l l i o n .  J t  should be  poin ted  o u t  

The problem w i t h  t h e  b a i t  supp ly  i s  p a r t i c u l a r l y  s e r i o u s  d u r i n g  
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t h a t  t h i s  i n c r e a s e  would occur  w i t h  t h e  e x i s t i n g  f l e e t ;  any expans ion  of  

f l e e t  s i z e  would p rov ide  f o r  added inc remen ta l  growth s i n c e  a v a i l a b l e  

ev idence  i n d i c a t e s  t h a t  t h e  s k i p j a c k  t u n a  r e s o u r c e  i s  u n d e r u t i l i z e d  and 

could w i t h s t a n d  a d d i t i o n a l  f i s h i n g  pressure .  

Various s o l u t i o n s  t o  t h e  b a i t f i s h  problem have been proposed and 

researched in t h e  p a s t .  The c u l t u r e  of l i v e  b a i t  has  been t r i e d  and found 

t o  be e i t h e r  t o o  expens ive  o r  t h e  c u l t u r e d  b o i t f  ish has  been unacceptab le  

t o  t h e  f i shcmien .  Another approach has  been t h e  development o f  a r t i f i c i a l  

b a i t ,  e .g . ,  v a r i o u s  types  o f  odor- impregnated food p e l l e t s .  A l l  o f  t h e s e  

were found t o  be i n e f f e c t i . v e .  . 
One of  t h e  most d i r e c t  and f e a s i b l e  approach to  t h e  problem i s  

t o  b r i n g  i n  a supply  of b a i t f i s h  from areas where they  are  r e a d i l y  a v a i l -  

a b l e .  I n  t h e  case o f  H a w a i i ,  t h e  n o r t h e r n  anchovy, E n g r a u l i s  mordax 

(F igu re  l),  from C a l i f o r n i a  seems a good p o s s i b i l i t y .  The n o r t h e r n  

anchovy has been t r a n s p o r t e d  t o  Hawaii i n  t h e  p a s t  on several occas ions ,  

mos t ly  on a n  o p p o r t u n i s t i c  b a s i s  and i n  small q u a n t i t i e s .  A l l  i n d i c a t i o n s  

are t h a t  t h i s  s p e c i e s  i s  h a r d i e r  t han  t h e  nehu and would a l l o w  t h e  Hawaiian 

t u n a  b o a t s  t o  range  f a r t h e r  from base  p o r t  than is  now p o s s i b l e  wi th  t h e  

riehu. Because C J ~  t h e  lower m o r t a l i t y  t o  be expec ted  w i t h  t h e  n o r t h e r n  

anchovy, t h e  c a t c h  pe r  u n i t  o f  b a i t  c a r r i e d  t o  sea should i n c r e a s e  sub- 

s t a n t i a l l y .  The n o r t h e r n  anchovy h a s  been used s u c c e s s f u l l y  i n  f i s h i n g  

€o r  s k i p j a c k  tuna  i n  t h e  c e n t r a l  P a c i f i c .  F u r t h e r ,  i t  i s  one o f  t h e  

p r i n c i p a l  h a i t f i s h  used by t h e  tuna  b a i t  b o a t s  i n  t h e  eastern P a c i f i c .  
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The main t h r u s t  o f  o u r  program, then ,  i s  t o  deve lop  t h e  t ech -  

nology needed f o r  t h e  t r a n s p o r t a t i o n ,  ho ld ing  and a n c i l l a r y  requi rements  

t o  t h e  s u c c e s s f u l  i m p o r t a t i o n  of l i v e  n o r t h e r n  anchovy from C a l i f o r n i a  

t o  H a w a i i .  

B r i e f l y ,  t h e  a c t i v i t i e s  of t h i s  program w i l l  be conducted i n  

f o u r  phases .  Phase 1 will encompass a p re l imina ry  rev iew and assessment  

o f  v a r i o u s  b a i t f i s h  t r a n s p o r t  a l t e r n a t i v e s .  Phase 2 w i l l  t e s t  t h e  ieasi-  

b i l i t y  o f  t r a n s p o r t i n g  l i v e  b a i t  u s ing  t h e  a l t e r n a t i v e  a s s e s s e d  t o  be most 

promis ing ,  Phase 3 i nvo lves  t h e  development of a f u l l - s c a l e  system o f  

economica l ly  t r a n s p o r t i n g  b a i t  t o  Hawaii on a s u s t a i n i n g  b a s i s - - a  system 

t h a t  would supply  a11 of  t h e  b a i t f i s h  needs ot- t h e  Hawaiian f l e e t .  Phase 

4 w i l l  comprise  r e p o r t  w r i t i n g .  

One o f  t h e  most s e r i o u s  p o s s i b l e  e n v i r o n m n t a l  impacts  o f  t h e  

program is t h a t  t h e  n o r t h e r n  anchovy may become e s t a b l i s h e d  i n  Hawaiian 

waters t o  t h e  d e t r i m e n t  o f  t h e  endemic Hawaiian mar ine  fauna .  During the 

c o u r s e  o f  v a r i o u s  a c t i v i t i e s  o f  t h e  program n o r t h e r n  anchovies  w i l l  most 

c e r t a i n l y ,  whether  i n a d v e r t e n t l y  o r  p u r p o s e f u l l y ,  be  r e l e a s e d  i n  Hawaiian 

w a t e r s .  O p p o r t u n i t i e s  t o  escape w i l l  be numerous, e . g . ,  when t h e  anchovies  

a r e  be ing  h e l d  i n  ho ld ing  e n c l o s u r e s  and when they  a r e  be ing  t r a n s f e r r e d  

from h o l d i n g  f a c i l i t i e s  t o  f i s h i n g  b o a t s .  They w i l l  a l s o  be  d e l i b e r a t e l y  

r e l e a s e d  i n t o  t h e  environment when they  a r e  chummed as l i v e  b a i t  i n  f i s h -  

i n g  o p e r a t i o n s .  However, whether  o r  no t  they  w i l l  become e s t a b l i d i e d  

i n  Hawaiian waters as a consequence o f  t h e  escape  of  some i n d i v i d u a l s  

i s  d i f f i c u l t  t o  a s c e r t a i n  w i t h  any c e r t a i n t y .  

of t h e  n o r t h e r n  anchovy, however, should  p rov ide  some c l u e s  as t o  the  

Knowledge of t h e  biology 
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p r o b a b i l i t y  o f  i t s  e s t a b l i s h m e n t  in Hawaiian w a t e r s ,  and as to  whether 

i t s  e s t a b l i s h m e n t  w i l l  be  d e t r i m e n t a l  t o  t h e  Hawaiian fauna.  

The n o r t h e r n  anchovy i s  a tempera te  water species which Ls  

found o f f  t h e  c o a s t  of N o r t h  America from t h e  Queen C h a r l o t t e  I s l a n d s ,  

B r i t i s h  Columbia t o  Gape San Lucas,  Baja CnLiforri ia ( F i g u r e  2 ) .  They 

are  p e l a g i c  s c h o o l i n g  € i s h e s  and a r e  most common i n  c o a s t a l  waters 

between San F r a n c i s c o  and Magdalena Bay, Baja C a l i f o r n i a .  They a r e  

o r d i n a r i l y  found i n  wa te r  r ang ing  from 14.6"C (58 .2"F)  t o  20.0"C (68°F)  

a l though  i n  the  extreme they  have been found i n  water as c o o l  as 5 ° C  

(41°F)  and as warm as 2 5 ° C  ( 7 7 ° F ) .  The s a l i n i t y  o f  t h e  water they  

occur  i n  range  from < 3 2 . 5 %  t o  >34.50&>. 

I n  c e r t a i n  seasons  o f  t h e  y e a r ,  u s u a l l y  i n  t h e  summer and f a l l ,  

l a r g e  compact s choo l s  o f  n o r t h e r n  anchovy are  found d u r i n g  t h e  day a long  

submarine escarpments  and canyons a t  dep ths  o f  110 m (360 f t )  t o  183 m 

(600 f t ) .  During hours  o f  da rkness  t h e  schoo l s  r i s e  t o  t h e  s u r f a c e  and 

t h e  anchovies  d i s p e r s e .  They s t a r t  t o  re-form i n t o  compact s c h o o l s  and 

r e t u r n  t o  deeper  water w i t h  t h e  coming of dawn. 

Nor thern  anchovies  beg in  t o  r e a c h  sexua l  m a t u r i t y  a t  t h e  end 

of t h e i r  f i r s t  yea r  o f  l i f e  when they  a r e  about  10.2 cm (4  i nches )  t o  

11.4 CIP, (4 .5  inches) long.  Al.most a l l  anchovies are f u l l y  mature  when 

they  a r e  2 y e a r s  o l d  and a re  1 2 . 7  c m  (5 inches )  t o  14.0 cm (5.5 inches )  

long.  It i s  estimated t h a t  t'ernafe anchovies  can spawn from 4,025 t o  

2 1 , 2 9 7  eggs p e r  spawning. 

miles o f  t h e  c o a s t .  

as 300 m i l e s .  The eggs and l a r v a e  o f  anchovies  a re  p e l a g i c .  

Northern anchovies  u s u a l l y  spawn w i t h i n  60 

However, anchovy eggs have been found as f a r  o € f s h o r e  
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Northern anchovies  spawn throughout  t h e  year ,  p a r t i c u l a r l y  i n  

t h e  sou the rn  p o r t i o n  of  i t s  range.  There i s  a peak i n  spawning a c t i v i t y  

i n  t h e  l a t e  w i n t e r  and s p r i n g .  Most of  t h e  p e l a g i c  anchovy eggs have 

been found i n  water w i t h  t empera tures  between 13.0"C ( 5 5 . 4 " F )  and 17.5"C 

(63.S"F). The th re sho ld  tempera ture  f o r  anchovy spawning i s  be l i eved  t o  

be about  11.5"C (52 .7"F)  o r  12.0"C (53 .6"F) .  

The n o r t h e r n  anchovy seldom l i v e s  over  4 y e a r s .  They appa ren t ly  

are f i l t e r  Leeders ,  i n d i s c r i m i n a t i n g l y  accep t ing  zooplankton o r  phyto- 

p lankton .  They have a l so  been found t o  have small f i s h  i n  t h e i r  stomachs.  

With r ega rd  t o  food,  they  a r e  d i r e c t  compe t i to r s  of  t h e  P a c i f i c  s a r d i n e ,  

Sardinops c a e r u l e u s .  They a l s o  conipete w i t h  t he  P a c i f i c  s a r d i n e  f o r  

space  s i n c e  bo th  s p e c i e s  are found i n  g r e a t e s t  abundance between Po in t  

Conception, C a l i f o r n i a  and Magdalena Ray, Baja C a l i f o r n i a .  A g r e a t  nuniber 

of f i s h e s ,  b i r d s ,  and mammals prey  on t h e  n o r t h e r n  anchovy. S t u d i e s  

have i n d i c a t e d  t h a t  t h e  n o r t h e r n  anchovy i s  probably t h e  most impor tan t  

f o r a g e  species i n  t h e  i n s h o r e  waters of C a l i f o r n i a  and Baja  C a l i f o r n i a .  

C e r t a i n l y ,  t h e  n o r t h e r n  anchovy i s  impor tan t  i n  t h e  d i e t  of a l l  t he  l a r g e  

p r e d a t o r y  game f i s h  o f f  C a l i f o r n i a .  

Whether n o r t h e r n  anchovies  may become e s t a b l i s h e d  i n  Hawaiian 

w a t e r s  w i l l  depend t o  a g r e a t  deg ree  on how s u c c e s s f u l l y  they  can  adapt  

t o  t h e  tempera ture  of t h e  urater sur rounding  t h e  Hawaiian I s l a n d s .  It 

i s  be l i eved  t h a t  one of t h c  pr in inry  l i m i t i n g  Enctors i n  the  d i s t r i b u t i o n  

of n o r t h e r n  anchovy, and indeed most o€  t h e  s p e c i e s  i n  t h e  genus Engrau l i s ,  

i s  wa te r  tempera ture .  Gene ra l ly ,  f i s h e s  i n  t h e  genus E n g r a u l i s  have n o t  

been found e i t h e r  i n  t h e  c o l d e s t  o r  warmest ocean ic  c o n d i t i o n s .  It  i s  

_- I- -- 
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es t ima ted  t h a t  a range  of tempera ture  from 6°C (42.8"F) t o  23°C (73.4"F) 

would i n c l u d e  n e a r l y  a l l  o f  i t s  occur rences .  We noted t h a t  t h e  n o r t h e r n  

anchovy was u s u a l l y  found i n  water  ranging  from 1 4 . 6 " C  (58.2"F)  t o  2 0 . 0 " ~  

(68°F) .  The Hawaiian oceanographic  c l i m a t e ,  as r ep resen ted  by observa-  

t i o n s  made a t  Koko Head, Oahu, i nc ludes  extremes i n  range of  tempera ture  

from 22.5"C (72.5"F)  i n  February o r  March t o  27.4"C (81.3"F) i n  September 

o r  October.  These o b s e r v a t i o n s  sugges t  t h a t  t h e  Hawaiian ocean ic  envi ron-  

ment,  i n s o f a r  as tempera ture  i s  concerned,  i s  n o t  s u i t a b l e  f o r  t he  no r the rn  

anchovy. Granted,  p a s t  expe r i ence  h a s  shown t h a t  l i v e  n o r t h e r n  anchovy 

d o  s u r v i v e  the  change i n  tempera ture  from t h a t  found i n  C a l i f o r n i a  w a t e r s  

t o  t h a t  found i n  Hawaiian w a t e r s .  B u t  whether t'hey can  adap t  t o  t h e s e  

tempera tures  on a long term and form a v i a b l e ,  reproducing  popu la t ion ,  

i , e , ,  become e s t a b l i s h e d ,  i s  ano the r  matter. C e r t a i n l y  one impor tan t  

f a c t o r  i s  t h e  o b s e r v a t i o n  on t h e  th re sho ld  tempera ture  f o r  anchovy spawn- 

i n g .  

t h e  t h r e s h o l d  va lue  r e q u i r e d  f o r  anchovy spawning. 

The wa te r  tempera ture  around Hawaii does no t  g e t  low enough t o  reach  

The s a l i n i t y  va lues  found around H a w a i i ,  a g a i n  a s  r e p r e s e n t e d  

by o b s e r v a t i o n s  made a t  Koko Head, Oahu, a r e  w i t h i n  t h e  range  t h e  n o r t h e r n  

anchovy i s  found i n  o f f  t he  wes t  c o a s t  o f  North America. The extremes i n  

s a l i n i t y  observed a t  Koko Head range  from about  34.4% i n  J u l y  t o  35.5% 

i n  l a t e  f a l l  o r  ear ly  w i n t e r .  The s a l i n i t y  range i s  g r e a t e r  i n  more 

e s t u a r i n e  c o n d i t i o n s .  For example, i n  Kaneohe Bay, Oahu, t h e  annual  

range  i n  s a l i n i t y  i s  from 31(&:,0 7 6 % , .  

were found i n  wa te r s  w i t h  s a l i n i t y  ranging  from <32.5%, t o  >34.5%,.  

It  i s  be l i eved  that t he  s p e c i e s  i n  the genus Engrau l i s  i n  g e n e r a l  a r e  

We noted t h a t  n o r t h e r n  anchovies  
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n o t  l i m i t e d  by s a l i n i t y  va lues  encountered  i n  t h e  ocean o r  e s t u a r i e s .  

They have been found i n  water  ranging  from 2%-  t o  39 .4% i n  s a l i n i t y ,  

To summarize w h a t  is  known cibeut c o n d i t i o n s  l i m i t i n g  t h e  d i s t r i -  

bu t ion  of: t he  n o r t h e r n  anchovy t o  t h i s  p o i n t ,  i t  has  been i n d i c a t e d  t h a t  

s a l i n i t y  i s  n o t  l i m i t i n g  b u t  t empera ture  most l i k e l y  is .  However, i t  has  

a l s o  been shown t h a t  t h e r e  a r e  v a s t  a r e a s  of ocean h a b i t a t s  w i t h  s u i t a b l e  

tempera ture  t h a t  do n o t  suppor t  B r a u l i s :  popu la t ions .  

t h e r e  a r e  o t h e r  f a c t o r s  b e s i d e s  s a l i n i t y  and tempera ture  t h a t  a r e  impor tan t  

t o  E n g r a u l i s ,  i n c l u d i n g  t h e  n o r t h e r n  anchovy. Because E n g r a u l i s  i s  a 

c o a s t a l  genus, i.e., a l though t h c i r  eggs and l a r v a e  are sometimes found 

f a r  o f f a h o r e ,  they a r e  d e f i n i t e l y  t i c d  to  a c o a s t a l  popu la t ion ;  some 

s c i e n t i s t s  b e l i e v e  t h a t  c o a s t s  are e s s e n t i a l  t o  E n g r a u l i s .  I f  t h i s  obser -  

v a t i o n  i s  c o r r e c t ,  then t h e  l a c k  of an e x t e n s i v e  c o a s t l i n e  i n  Hawaii w i l l  

be a n e g a t i v e  f a c t o r  i n  the  p o s s i b l e  e s t ab l i shmen t  of t h e  n o r t h e r n  anchovy 

T h i s  sugges t s  t h a t  

i n  Hawaiian wa te r s .  

Evidence suppor t ing  t h e  o b s e r v a t i o n  t h a t  Hawaii '  s oceanographic  

environment may not  be conducive t o  the  e s t a b l i s h m e n t  of the n c r t h e r n  

anchovy may be found i n  past  expe r i ences  wi th  t h i s  s p e c i e s .  In 1932, a 

r e l e a s e  of 6,000 nor the rn  anchovy was made i n  Kaneohe Bay, Oahu. The 

anchovies  were p a r t  of a load of l i v e  b a i t  t r a n s p o r t e d  from C a l i f o r n i a  

t o  Hawaii by a C a l i f o r n i a  tuna c l i p p e r ,  These anchovies  d i d  n o t  s u r v i v e  

and  no reproducing  popu la t ion  was e s t a b l i s h e d  from this i n t r o d u c t i o n .  

Although no t  we l l  documented, t h e r e  have beer? o t h e r  i n a d v e r t e n t  o r  pu r -  

p o s e f u l  r e l e a s e s  of n o r t h e r n  anchovies  i n  Hawaiian wa te r s ,  b u t ,  t h i s  

s p e c i e s  has n o t  become e s t a b l i s h e d  from t h e s e  r e l e a s e s .  

It should be poin ted  o u t  t h a t  t h e  number of  i n d i v i d u a l s  

in t roduced  may be c r u c i a l  i n  de t e rmin ing  the  success  of t h e  e s t ab l i shmen t  
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of  a s p e c i e s ,  e s p e c i a l l y  i n  a marine environment.  The e x p e r i e n c e  i n  t h e  

e s t a b l i s h m e n t  of t h e  Marquesan s a r d i n e ,  S a r d i n e l l a  marquesens is ,  i n  

H a w a i i  i n d i c a t e d  t h a t  those  r e l e a s e s  w i t h  20,000 o r  more i n d i v i d u a l s  

were impor tan t  i n  t h e i r  e s t a b l i s h m e n t  while t h o s e  of 10,000 o r  less  were 

n o t .  

o f  t r y i n g  t o  e s t a b l i s h  them i n  Hawaii. Numbers of  n o r t h e r n  anchovy w i l l  

sureEy escape  confinement . They would a l s o  be  s u c c e s s f u l ,  t o  some unknown 

degree ,  i n  escaping  t h e i r  p r e d a t o r s  a f t e r  b e i n g  chummed LIS b a i t .  However, 

t h e  numbers s u r v i v i n g  such a c c i d e n t a l  o r  purposefu l  releases should be 

minimal and c e r t a i n l y  n o t  i n  q u a n t i t i e s  f a v o r a b l e  t o  t h e i r  e s t a b l i s h m e n t .  

Our program of  impor t ing  n o r t h e r n  anchovy w i l l  E be w i t h  t h e  idea 

Up t o  t h i s  p o i n t  w e  have d i s c u s s e d  t h e  f a c t o r s  t h a t  would or 

would n o t  be conducive t o  t he  e s t a b l i s h m e n t  of  n o r t h e r n  anchovy i n  

Hawaii. We can conclude from t h e  evidence t h a t  t h e  chances are v i r t u a l l y  

n i l  t h a t  n o r t h e r n  anchovy can become e s t a b l i s h e d  as a consequence of  our  

p r o g r m .  However, t h e  p o s s i b i l i t y  e x i s t s ,  howsoever s m a l l ,  t h a t  they  

may become e s t a b l i s h e d .  

e s t a b l i s h m e n t  o f  n o r t h e r n  anchovy i n  Hawaiian w a t e r s ?  

s i r a b l e  consequence would be t h a t  they  would compete w i t h  n a t i v e  Hawaiian 

s p e c i e s  for  food and space t o  t h e  d e t r i m e n t  of  t h e  n a t i v e  f i s h e s .  

of t k  s p e c i e s  t h a t  t h e  n o r t h e r n  anchovy may p o s s i b l y  compete w i t h  a r e  

t h e  nehu, t h e  akule  o r  b igeye  scad, Trachurops crumenophthnlnus and t h c  

~ p e l u  or  mackerel. scad, Decapterus  p i n n u l a t u s .  

What would t h e n  be t h e  consequences o f  t h e  

The most unde- 

Some 

The nehu, a k u l e ,  and o p e l u  a p p e a r  t o  be p r i m a r i l y  zooplankton 

f e e d e r s  ( T a b l e s  1 and 2 ) .  Although food s t u d i e s  on  t h e  n o r t h e r n  anchovy 

are n o t  p l e n t i f u l ,  i t  a p p e a r s  t h a t  t h e  n o r t h e r n  anchovy is  s l i g h t l y  



9 

lower on t h e  t r o p h i c  scale  than  nehu, a k u l e ,  and ope lu .  We noted t h a t  

they  i n d i s c r i m i n a t e l y  fed  on zooplankton a d  a l so  phytoplankton.  While 

s t u d i e s  on t h i s  s u b j e c t  i s  l a c k i n g ,  a k u l e  and ope lu  probably  e x e r c i s e  

some s e l e c t i o n  i n  t h e i r  feeding .  There i s  some evidence  t o  i n d i c a t e  t h a t  

t h e  nehu p i  e,.i'&rs t h e  c r u s t a c e a n  components o f  t h e  zooplankton ,  a t  l eas t  

i n  some a r e a s  of  t h e i r  h a b i t a t .  T h u s ,  a l t hough  t h e  n o r t h e r n  anchovy may 

compete somewhat w i t h  nehu, akuI.e, and ope lu  f o r  food i n  t h a t  p a r t  oL 

i t s  diet t h a t  inc l i ides  zooplankton,  i t  does no t  d i r e c t l y  compete i n  t h e  

sense  t h a t  F r  i s  n o t  a s e l e c t i v e  f e e d e r .  

The n o r t h e r n  anchovy w i l l  no doubt  compete f o r  space  w i t h  ope lu  

and aku le  i f  they  become e s t a b l i s h e d  i n  Hawaiian wa te r s .  It i s  d i f f i c u l t  

t o  wstlcs8 t h c  consequences of t h i s  t y p e  o f  Competi t ion.  Off the  c o a s t  oE 

C a l i f o r n i a ,  however, t h e  P a c i f i c  s a r d i n e  i s  cons ide red  t h e  c h i e f  competi- 

t o r  o f  t h e  n o r t h e r n  anchovy. Discount ing  t h e  e f f e c t s  o f  t h e  f i s h e r y  on 

t h e  P a c i f i c  s a r d i n e ,  t h e r e  i s  no c l e a r  ev idence  t h a t  t h e  P a c i f i c  s a r d i n e  

ha3  n o t  been able. t o  compete s u c c e s s f u l l y  wi th  t h e  n o r t h e r n  anchovy f o r  

space and food.  

compete w i t h  t h e  n o r t h e r n  anchovy and w i t h  cach o t h e r  presumably wi thou t  

any d e l e t e r i o u s  e:€ects. There i s  no r e a s o n  to b e l i e v e  t h a t  t he  aku le  and 

t h e  ope lu  w i t 1  not t)c a b l e  t o  compete s u c c e s s f u l l y  wi th  t h e  n o r t h e r n  anchovy 

Other similar species o f f  t h e  C a l i f o r n i a  c o a s t  a p p a r e n t l y  

i n  t h e  Hawaiian environment .  

The n o r t h e r n  anchovy will probably n o t  compete with t h e  nehu 

f o r  space .  

waters and e s t u a r i e s  whereas  t h e  n o r t h e r n  anchovy i s  more p e l a g i c .  The 

nehu spawns i n  s h e l t e r e d  bays and h a r b o r s  whereas t h e  eggs and l a r v a e  of  

EcoZogicalLy, t h e  nehu i s  r e s t r i c t e d  more t o  s h e l t e r e d  c o a s t a l  

t h e  n o r t h e r n  anchovies  are p e l a g i c .  
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Other p o s s i b l e  envi ronmenta l  i m p a c t s  o f  t he  program are t h e  

p o s s i b i l i t y  o f  t h e  t r a n s f e r  o f  d i s e a s e  wi.th t h e  n o r t h e r n  anchovy and t h e  

i n a d v e r t e n t  i n t r o d u c t i o n  o f  o t h e r  species of  f i s h  t o g e t h e r  i n  t h e  shipments  

o f  n o r t h e r n  anchovy. Very l i t t l e  is  known about  d i s e a s e s  i n  popu la t ions  

of p e l a g i c  mar ine  f i s h e s .  However, as a p r e c a u t i o n a r y  measure a l l  s h i p -  

ments of n o r t h e r n  anchovy wi 11 be t r e a t e d  w i t h  a p p r o p r i a t e  chemica ls  

( e . g . ,  copper s u l f a t e )  t o  reduce  the  p o s s i b i l i t y  of t h e  i n t r o d u c t i o n  of  

d i s e a s e s .  Furthermore,  specimens f rom t r ? ' a l  shipments  w i l l  be sub jec t ed  

to  c r i t i c a l  examinat ion  by a f i s h  p < i t h o l o g i s t  t o  i n s u r e  t h a t  t h e  anchovies  

are d i s e a s e  f r e e .  The chances  t h a t  o t h e r  s p e c i e s  of  f i s h  w i l l  be mixed 

w i t h  t h e  shipment a r e  cons ide red  to  b e  sma l l .  However, even i f  snlall 

numbers a r e  mixed wt th  t h e  n o r t h e r n  anchovies ,  t h e  chances that t h e s e  

tempera te  water s p e c i e s  w i l l  s u r v i v e  and become e s t a b l i s h e d  are even less 

t h a n  f o r  t h e  anchovy f o r  r e a s o n s  a l r e a d y  e l a b o r a t e d ,  

Although we have so f a r  d i s c u s s e d  on ly  t h e  unwelcome consequences 

o f  t h e  e s t a b i i s h m e n t  o f  t h e  n o r t h e r n  anchovy i n  H a w a i i  t he re  may be  some 

b e n e f i c i a l  r e s u l t s .  It w a s  no ted  t h a t  t h e  n o r t h e r n  anchovy was an impor- 

t a n t  item i n  t h e  d i e t  o f  a l l  t h e  l a r g e  p r e d a t o r s  i n  t h e  i n s h o r e  waters 

o f f  C a l i € o r n i a .  In t h e  f o r a g e  poor waters of Ilawaii t he  n o r t h e r n  anchovy 

may be  a welcome a d d i t i o n  t o  t h e  d i e t  o f  Hawaiian p r e d a t o r  f i s h e s .  

they  may ac t  t o  a t t r ac t  l a r g e r  numbers o f  colmnercially impor tan t  f i s h e s  

like the tunas and h i l l f i s h c . 8  t o  Hnwni i n n  wntcars .  T t  h a s  been no ted  i n  

C a l i f o r n i a  t h a t  t h e  number OF-  P a c i f i c  b o n i t o ,  Sarda c h i l i e n s i s ,  t aken  by 

C a l i f o r n i a  p a r t y  b o a t s  h a s  inc reased  g r e a t l y  c o n c u r r e n t  w i t h  the growth 

of  t h e  n o r t h e r n  anchovy popu la t ion .  More obv ious ly ,  t h e  e s t a b l i s h m e n t  

Indeed, 
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of t h e  n o r t h e r n  anchovy may be  ano the r  sou rce  o f  l i v e  b a i t  f o r  t h e  

Hawaiian s k i p j a c k  tuna  f i shermen and may form t h e  b a s i s  of  a new f i s h e r y  

f o r  b a i t  similar t o  t h e  C a l i f o r n i a  b a i t  f i s h e r y .  

T n  sunmary , we have i n d i c a t e d  s e v e r a l  c o n d i t i o n s  t h a t  make t h e  

chances of t he  es tnb l i shment  of t h e  n o r t h e r n  anchovy i n  Hawaiian waters 

h i g h l y  u n i i k e l y :  t h e  1 ack o f  s u i t a b l e  temperatures i n  g e n e r a l ;  and more 

impor t an t ,  t h e  l a c k  o f  s u i t a b l e  t empera tu res  t o  t r i g g e r  anchovy spawning; 

and f i n a l l y  t h e  p o s s i b l e  importance of e x t e n s i v e  c o a s t l i n e s ,  which H a w a i i  

Packs t o  suppor t  an  anchovy popu la t ion .  We have a l s o  po in ted  o u t  t h a t  

t he  e s t a b l i s h m e n t  of an  anchovy popu la t ion  i n  Hawaiian w a t e r s  w i l l  prob- 

a b l y  n o t  have a d e l e t e r i o u s  e f f e c t  w i t h  r e g a r d  t o  t h e  Hawaiian fauna .  

F i n a l l y ,  we have sugges ted  p o s s i b l e  b e n e f i t s  o f  the  e s t a b l i s h m e n t  of  a n  

anchovy popu la t ion  i n  t h a t  it w i l l  p rov ide  much needed f o r a g e  for Hawaiian 

p r e d a t o r  s p e c i e s ,  p rovide  b a i t  f o r  t h e  Hawaiian s k i p j a c k  t u n a  f i shermen,  

and may a l s o  form t h e  b a s i s  o f  ano the r  f i s h e r y .  
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1.3 

F i g u r e  1, --Northern anchovy,  Engraul  is _I- niordax. (From Frey 1971 .  ) 

F i g u r e  2.--The d i s t r i b u t i o n  of n o r t h e r n  anchovy, E n g r a u l i s  mordax, 

o f f  t h e  c o a s t  of  North America. (Adapted from Reid 1 9 6 7 . )  
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Table 2.--Food of  o p e l u .  

Brown's Camp, Oaliu, May 3 ,  1951. 

Stomach analyses o f  24 opelu  t a k e n  o f f  

(From Ynmaguchi 1953:Table 7.) 

-u 
0 a 
iL' 
c. 
0 u 

1 

a 
.I+ 
k 
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s 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 

ci 
cj 
3 
k m 
4 

E 
a, 
V 
(3 
U 

1 

a 
0 
n 
0 
4.J 

X 

26.0 M 2 ia 8 1 1 
23.5 F I 2  4 2 7 1 4  
22.5 bl 13  1: 5 6 2 2 2 3 X 

21.6 M h 2 3 2 10 2 3 
21.5 M 26 6 10 11 2 1  
23.0  F 5 4 4  3 1 3 3 
25.2 F 3 10 3 2 1 1 1  
23.4 M 3 16 12 4 
24.1 M 5 6  2 3 2  3 1 
25.0 F 10 1 4  3 1 2 8 1 2 
21.8 M 20 5 1 2  1 7  2 2 1 x  
23.0 M 2 12 1 5 6  10 4 1 x  
26.8 F 1 3  22 5 2  3 1 
21.0 M 8 2 2 3 21 2 2 
22.4 F 2 1 1 6  4 1 2 
23.6 M 9 10 6 4 1 4 X 

21.5 11 8 3 4 3 3 1 3  
21.8 M 4 3 1 7 4  11 3 2 2  
23.7 M 16 16 2 4  13 1 1 
21.9 F 2 29 5 2 2 2 
24.0 M 2 5 3 2 7 5 1 
23.3 F 6 8 i 22 1 1 1 x  
22.5 M L8 2 2 12 1 2  3 3  2 
21.8 M 18 7 2 3 10 1 1 

1.02 290 39 47 54 77 210 1 9  20 2 5  23 


